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INTRODUCTION

Cyanobacteria belong to an ancient group of photosynthetic prokaryotes presenting a broad range of cellular strategies, physiological capacities, and adaptations that support their colonization of diverse environments worldwide. Cyanobacteria can even exist in extreme habitats and are able to settle in diverse biotopes such as hot springs. They are also known for their production of natural bioactive compounds [START_REF] Demay | Natural Products from Cyanobacteria: Focus on Beneficial Activities[END_REF], including some potent toxins (microcystins, anatoxins, saxitoxins) [START_REF] Bernard | Cyanobacteria Associated with the production of cyanotoxins[END_REF]). Some of these metabolites have been used for applications in the biotechnology and pharmaceutical fields, which has created an increased interest in the search for new isolates of cyanobacteria. Both the chemical diversity and the related bioactivity must be considered when investigating the application potential of natural products. [START_REF] Demay | Natural Products from Cyanobacteria: Focus on Beneficial Activities[END_REF] concluded that among the 300 different recognized genera of cyanobacteria (referenced by the taxonomy published by [START_REF] Komárek | Taxonomic classification of cyanoprokaryotes (cyanobacterial genera) 2014, using a polyphasic approach[END_REF], 90 have been reported to produce bioactive metabolites. A few taxa are known to be prolific producers of a large set of metabolites. For example the genus Lyngbya-Moorea, produces 85 families of the 260 metabolites isolated so far. The majority of species have not been tested, however, and the potential for the discovery of useful natural molecules and new biosynthetic pathways from cyanobacteria remains considerable and needs to be explored.

Thermes de Balaruc-Les-Bains is one of the oldest thermal centers in France and therapeutic application of the mud, whose beneficial effects have been documented since the end of the 19th century, was recognized by the French Health System as a healing treatment for arthro-rheumatic diseases. The beneficial mud is obtained by a process of maturation in which the mud is allowed to settle naturally from a combination of hot spring water and domestic rinse water from mud treatments in a large tank. Two types of biofilms were identified within the maturation basin, one at the surface of the mud and the other on the walls of the basin.

Other photosynthetic microorganisms were also described in the water column of the basin. Only two experimental studies have been carried out on mud from Thermes de Balaruc-Les-Bains. The maturation of silt from Thau Pond in Balaruc-Les-Bains was monitored for a few months in 1983, and algal development was observed ten days after formation of a mud mesocosm comprised of Phormidium and Oscillatoria Cyanobacteria, and some Diatomophyceae [START_REF] Baudinat | Contribution à l'étude de la maturation de péloïdes : application aux stations thermales de Balaruc-les-bains (34) et Cransac[END_REF]. Repeated experiments in 1984 gave similar results except that algal development occurred later, after one month [START_REF] Baudinat | Contribution à l'étude de la maturation de péloïdes : application aux stations thermales de Balaruc-les-bains (34) et Cransac[END_REF]). The second study was carried out in 1987 by Dupuis in experimental mesocosms for thermal mud maturation in the laboratory. In the absence of mud, there was no algal development in water from Balaruc-Les-Bains despite the addition of nutrients. In the mud mesocosms at seven weeks after the experiment started, very thick cyanobacterial mats were observed on walls and bottom, dominated by Phormidium africanum, P. autumnale, Lyngbya sp., Chroococcus minor and Anabaena sp. These two studies illustrated the importance of cyanobacteria as major actors in the colonization of the mud of Thermes de Balaruc-Les-Bains [START_REF] Baudinat | Contribution à l'étude de la maturation de péloïdes : application aux stations thermales de Balaruc-les-bains (34) et Cransac[END_REF][START_REF] Dupuis | Pré-étude relative à l'évaluation de la production algale des eaux thermales de Balarucles-Bains[END_REF].

Pigment analysis

Pigment analysis was performed on each strain in triplicate. Ten mL aliquots of culture in exponential growth were filtered through Whatman GF/F filters (Ø 0.7 µm) and freeze-dried. The lipophilic carotenoids and chlorophylls were extracted, analyzed and quantified by HPLC-DAD as described (Ras et al., 2008). The water soluble phycobiliproteins were analyzed following a Standard Operating Procedure (Yéprémian et al. 2017).

Ultrastructural analyses

Cyanobacterial strains were imaged by scanning electron microscopy (SEM) and transmission electron microscopy (TEM) as described by [START_REF] Parveen | Bacterial communities associated with Microcystis colonies differ from free-living communities living in the same ecosystem: Bacterial diversity inside Microcystis colonies[END_REF], with modifications. Cells or filaments harvested by centrifugation from a growing culture were fixed with 2% (v/v) glutaraldehyde, 2% (v/v) formaldehyde, 0.18 M sucrose, and 0.1% picric acid in 0.1 M Sorensen phosphate buffer (SPB; pH 7.4) for 1 h, at room temperature. The specimens were then washed three times with SPB and post-fixed with 1% osmium tetroxide for 1 h. Afterwards, they were washed with distilled water before being dehydrated in a microscopy-grade ethanol series (30%, 50%, 70%, 90% and 100%), with agitation and centrifugation. For SEM, the samples were pipetted onto glass coverslips on SEM stubs and air dried. They were coated with platinum (Leica EM ACE600 coater) and examined using a scanning electron microscope (Hitachi SU3500, Japan). For TEM, the samples were embedded in epon resin and sectioned at 0.5 μm using an ultra-microtome (Reichert-Jung Ultracut) with a diamond knife and transferred onto 150-mesh copper grids. The prepared sample grids were stained with 2% uranyl acetate in 50% ethanol for 15 min and washed three times in 50% ethanol and twice in distilled water. The copper grids were then dried, examined with a transmission electron microscope (Hitachi HT-7700, Japan), and photographed with a digital camera (Hamamatsu, Japan).

Molecular and phylogenetic analyses

DNA was extracted from cyanobacterial strains using the ZymoBIOMICS DNA mini kit (Zymo Research, CA) following the manufacturer's protocol. Cells were lysed using a Qiagen bead mill for 6 min at maximum speed (30 Hz, 1800 oscillations per minute). The amplification of the 16S rRNA-encoding gene and the 16S-23S internal transcribed spacer (ITS) region was done with the primers and PCR programs described in [START_REF] Cellamare | Characterization of phototrophic microorganisms and description of new cyanobacteria isolated from the saline-alkaline craterlake Dziani Dzaha (Mayotte, Indian Ocean)[END_REF] and [START_REF] Gama | New insights into Chroococcus (Cyanobacteria) and two related genera Cryptococcum gen. nov. and Inacoccus gen[END_REF], respectively. All PCR reactions were carried out using a GeneTouch thermocycler (Bioer Technology, Hangzhou, China). The extracted and purified PCR products were then sequenced by Genoscreen (Lille, France). Sequences were assembled and corrected using the MEGA version 7.0 software [START_REF] Kumar | MEGA7: Molecular Evolutionary Genetics Analysis Version 7.0 for Bigger Datasets[END_REF]) and aligned using MAFFT online service [START_REF] Katoh | MAFFT online service: multiple sequence alignment, interactive sequence choice and visualization[END_REF]. For the 16S rRNA gene, partial sequences with a minimum of 1398 base pairs (bp) from the complete gene sequence (1550 bp) were obtained. For the 16S-23S ITS, partial sequences were obtained with a minimum of 174 bp. Phylogenetic analyses were performed according to three methods: maximum parsimony (MP), neighbor joining (NJ), and maximum likelihood (ML) using the MEGA version 7 software with an equal-to-1000 iterations.

For 16S rRNA gene phylogeny, an overall alignment (n = 129 sequences) was generated, including the newly produced sequences and reference sequences available in GenBank representing Oscillatoriales, Synechococcales, Nostocales and Chroococcales. The selected sequences were all longer than 1200 bp.

Gloeobacter violaceus PCC 7421 was chosen as outgroup. A cut-off value of 95% of 16S rRNA gene sequence identity was used for genus definition [START_REF] Komárek | Recent changes (2008) in cyanobacteria taxonomy based on a combination of molecular background with phenotype and ecological consequences (genus and species concept)[END_REF].

For the Chroococcus-like strain, the 16S-23S ITS phylogeny was performed with representative strains from Chroococcus-like, Inacoccus, Cryptococcum, Gloeocapsa (syn. Limnococcus) and Chroococcus, whose sequences are available in Genbank and [START_REF] Gama | New insights into Chroococcus (Cyanobacteria) and two related genera Cryptococcum gen. nov. and Inacoccus gen[END_REF]). An overall alignment (n = 21) was generated with the selected sequences, all longer than 1494 bp. Microcystis aeruginosa PMC 728.11 was chosen as an outgroup. The generated 16S-23S ITS sequences were used for determination of secondary structure. The conserved regions (D1-D1') were analyzed using the Mfold WebServer [START_REF] Zuker | Mfold web server for nucleic acid folding and hybridization prediction[END_REF].

Default settings were used, except for the structure drawing mode where the natural angle was selected.

Transfer RNA genes were found using tRNAscan-SE 2.0 [START_REF] Lowe | tRNAscan-SE On-line: integrating search and context for analysis of transfer RNA genes[END_REF]. The nucleotide sequences reported in this study have been deposited in the National Center for Biotechnology Information database. GenBank accession numbers are listed in the Supplementary table (Table S1).

RESULTS AND DISCUSSION

Nine clonal strains of cyanobacteria, living in the mud maturation basin of the Thermes de Balaruc-Les-Bains, were isolated (Table 1). These organisms were representative of the algal communities in [START_REF] Baudinat | Contribution à l'étude de la maturation de péloïdes : application aux stations thermales de Balaruc-les-bains (34) et Cransac[END_REF][START_REF] Dupuis | Pré-étude relative à l'évaluation de la production algale des eaux thermales de Balarucles-Bains[END_REF]. [START_REF] Dupuis | Pré-étude relative à l'évaluation de la production algale des eaux thermales de Balarucles-Bains[END_REF] showed that Phormidium was the most abundant genus in muds of Balaruc-Les-Bains with the species Phormidium africanum as dominant and P. autumnale, Lyngbya sp.

and Chroococcus as accompanying species. [START_REF] Baudinat | Contribution à l'étude de la maturation de péloïdes : application aux stations thermales de Balaruc-les-bains (34) et Cransac[END_REF], also showed that the cyanobacteria were dominant, mainly represented by Phormidium and Oscillatoria. A preliminary study done in 2014 during the mud maturation period showed that the cyanobacterium, Planktothricoides raciborskii, was also quite dominant (unpublished data). Other taxa such as Laspinema sp., Leptolyngbya boryana and Nostoc sp.

were observed. The dominance of Laspinema sp. was observed on one sampling date, corresponding to a slight increase in salinity of the thermal water. Other cyanobacterial taxa were observed such as Calothrix sp. in the mud and Aliinostoc sp., Chroococcus-like and Microcoleus vaginatus on the walls of the maturation basin. As Planktothricoides raciborskii is morphologically very similar to Phormidium, we concluded that the dominance of the genus Phormidium has been stable since the 1980s.

To characterize the nine cyanobacterial isolates, we used morphological, ultrastructural and 16S rRNA and 16S-23S internal transcribed spacer (ITS) gene sequence analyses. Thus, eight cyanobacteria were firmly identified at the genus or species level, while one remained unidentified (PMC 885.14). The phylogenetic trees based on the 16S rRNA gene sequences shared well-supported nodes at the order level regardless of whether the method used was MP, NJ or ML (see the ML tree, Fig. 2, and the three consensus phylogenies, Fig. S2). Some isolates were clearly identified at the species level, while others were only assigned to the genus level because of the large species diversity within the given genus.

The nine new strains belonged to the orders Chroococcales: Pseudo-chroococcus couteii (PMC 885.14); Synechococcales: Leptolyngbya boryana (PMC 883.14); Oscillatoriales: Planktothricoides raciborskii (PMC 877.14), Laspinema sp. (PMC 878.14), Microcoleus vaginatus (PMC 879.14), Lyngbya martensiana (PMC 880.14) and Nostocales: Nostoc sp. (PMC 881.14), Aliinostoc sp. (PMC 882.14), Calothrix sp (PMC 884.14). Identification numbers and habitats of the strains are given in Table 1.

Characterization of strains belonging to the Chroococcales

Among the nine studied strains, one unidentified strain displayed a Chroococcus-like morphology (PMC 885.14) and belonged to the Chroococcales; but, the 16S rRNA sequence diverged from known Chroococcus sequences by more than 5%, supporting the idea that it was a new genus. (C. Duval, S. Hamlaoui, C. Bernard gen. nov., sp. nov., 2020) (PMC 885.14) Pseudo-chroococcus couteii (PMC 885.14) was isolated from an epilithic biofilm in the mud maturation basin of Thermes de Balaruc-Les-Bains (Table 1). Examination of samples in the field showed single cells or small colonies of 2-8 cells surrounded by dense, colorless and slightly lamellate mucilaginous envelopes (Fig. 3). Under both natural and laboratory conditions, cells were spherical or hemispherical 14-18 µm in diameter with pale-green, blue-green or grey homogeneous to granulate cell contents (Fig. 3). Cell division occurred by binary fission in three or more planes or irregularly in old colonies. These morphological features are typical of the genus Chroococcus. TEM ultrastructure imaging showed a dense mucilaginous layer surrounding four grouped cells (Fig. 3). Thylakoids were fasciculate, as found in Chroococcus species.

Pseudo-chroococcus couteii

The 16S rRNA gene sequence analyses showed that the Pseudo-chroococcus couteii strain PMC 885.14 had 93% and 92% sequence identity with Inacoccus and Cryptococcum gen. nov. strains respectively (data not shown). The 16S rRNA sequence data also revealed the polyphyletic nature of the genus Chroococcus.

The ML phylogenetic tree of the 16S rRNA and the 16S-23S ITS gene sequences (Fig. 4 and Hawaii,and one composed of PMC 885.14 (this study) and four freshwater strains from China. The two sub-clusters were well-supported (100% bootstrap support). Substantial differences were observed among the secondary ITS structures (D1-D1' helices) of the three genera previously mentioned (Fig. 6). The pattern and the number of nucleotides (nt) in the D1-D1' region of Chroococcus sensu stricto (58 nt), Inacoccus carmineus (63-64 nt), Cryptococcum (56-59 nt) and Chroococcus-like (48-49 nt) were different. The pattern of the terminal portion of Pseudo-chroococcus couteii strain (PMC 885.14) from Thermes de Balaruc-les-Bains was different from that of freshwater strains from China (YW-2019b strain TP20176.5 clone 0.1 and CHA TP20176.4 clone 0.6), with a single loop of 18 nt for Pseudo-chroococcus couteii and two loops of 4 nt and 9 nt for the Chinese strains (Fig. 6).

A unilateral bulge of 7 nt (CAAUCC) was present in the three strains of the Chroococcus-like cluster.

To the best of our knowledge, only four studies to date have examined phylogenetic relationships (16S rRNA) within the genus Chroococcus (Komărkovă et al. 2010;[START_REF] Roldán | Chalicogloea cavernicola gen. nov., sp. nov. (Chroococcales, Cyanobacteria), from low-light aerophytic environments: combined molecular, phenotypic and ecological criteria[END_REF][START_REF] Wood | Phylogenetic characterisation of marine Chroococcus -like (Cyanobacteria) strains from the Pacific region[END_REF]Gamma et al. 2019). The strains studied were all morphologically similar to Chroococcus species in cell shape and organization (Table S2). However, they differed by the color of the sheaths or mucilage (e.g., the mucilage of Chroococcus was usually hyaline or yellowish whereas that of Limnococcus was described as red or brown) [START_REF] Gama | New insights into Chroococcus (Cyanobacteria) and two related genera Cryptococcum gen. nov. and Inacoccus gen[END_REF]; Table S2). [START_REF] Wood | Phylogenetic characterisation of marine Chroococcus -like (Cyanobacteria) strains from the Pacific region[END_REF] stated that within the 51 Chroococcus-like 16S rRNA sequences, only five were obtained from isolates, limiting phylogenetic investigations.

However, this study included the new 16S rRNA sequences available in GenBank and clearly demonstrated that the Chroococcus-like cluster was well-supported and should be described as a new genus. 

Pseudo-chroococcus couteii

Characterization of strains belonging to the Synechococcales

Among the nine studied strains, one strain Leptolyngbya boryana (PMC 883.14) belonged to the Synechococcales. (Anagnostidis et Komárek, 1988) Leptolyngbya boryana (PMC 883.14) was isolated from mats covering the surface of the basin of Thermes de Balaruc-Les-Bains (Fig. 1, Table 1). Examination of samples in the field showed a pale-green, diffluent thallus forming mats (Fig. 7). Under laboratory conditions, the filaments were straight to slightly curved and densely entangled with thin, firm, colorless sheaths. Trichomes were pale to bright blue-green, cylindrical, unbranched, thin, < 3 µm wide and strongly constricted at the ungranulated cross-walls (Fig. 7), motile (hormogonia) or immotile, or with indistinct trembling. Cells were moniliform, shorter than wide, 1.5-2.4 μm wide and 0.9-2.0 µm long with a length:width ratio of 0.76 and well-separated from one another by cross-walls. Cell contents were pale blue-green and homogeneous without gas vacuoles. Apical cells were rounded without calyptra (Fig. 7). A sheath with a thin transparent zone covered the trichome and was clearly visible by TEM. The thylakoids were parietally arranged, concentric and parallel to the cell wall (Fig. 7).

Leptolyngbya boryana

Results based on 16S rRNA gene sequence homology (BLAST), showed that the Leptolyngbya strain (PMC 883.14) shared 100% sequence identity with other Leptolyngbya strains (data not shown). This result was confirmed by the phylogenetic tree (Fig. 8) where the strain PMC 883.14 was grouped in a wellsupported clade including the Leptolyngbya boryana, cluster with one Leptolyngbya foveolarum sequence (X84808.1) and one Leptolyngbya boryanum sequence (X84810.1). The cluster was mainly comprised of strains isolated from benthic freshwater environments.

The morphological features of the Leptolyngbya boryana PMC 883.14 strain were very similar to other Leptolyngbya species belonging to the same phylogenetic cluster (Table S3) which made it difficult to distinguish. In [START_REF] Komárek | Cyanoprokaryota 2.Teil: Oscillatoriales[END_REF], Leptolyngbya foveolarum was described with the following characteristics: variously curved filaments, sometimes straight and parallel or tangled, rarely pseudo-branched; trichomes pale to bright blue-green1-2 µm wide; isodiametric cells, rarely longer than wide 0.8-2.2 x 2.5 µm. Leptolyngbya boryana was described as follows: curved densely tangled filaments, sometimes pseudo-branched, pale blue-green to colorless, 1.3-2 (3) µm wide, cells more or less isodiametric, somewhat shorter or longer than wide in the main filament 0.6-2 (2.5) x 1.3-3 µm. In other phylogenetic studies, several Leptolyngbya species such as L. foveolarum, L. tenerrima, and L. angustata were considered as synonyms of L. boryana [START_REF] Cuzman | Biodiversity of Phototrophic Biofilms Dwelling on Monumental Fountains[END_REF]. As the genus Leptolyngbya was defined based on strains with very thin and simple trichomes (0.5-3.5 μm wide), sheaths present or facultative, without gas vesicles and peripherally arranged thylakoids [START_REF] Komárek | Cyanoprokaryota 2.Teil: Oscillatoriales[END_REF]Komárek and Johansen 2015), these morphological features were deemed not sufficiently discriminant to ensure a proper identification; therefore, we consider the strain PMC 883.14 as Leptolyngbya boryana based on the former description of this species within the Leptolyngbya 16S rRNA gene sequences cluster.

Characterization of strains belonging to the Oscillatoriales

Among the nine studied strains, four strains belonged to the Oscillatoriales: Planktothricoides raciborskii (PMC 877.14), Laspinema sp. (PMC 878.14), Microcoleus vaginatus (PMC 879.14) and Lyngbya martensiana (PMC 880.14).

Planktothricoides raciborskii (Wołosz) (Suda et M. M. Watanabe, 2002) Planktothricoides raciborskii (PMC 877.14) was isolated from mats covering the mud of the basin (Fig. 1, Table 1). Observations of field samples showed pale-green to brown diffluent thalli (Fig. 10). Trichomes were solitary, pale green to brown, isopolar or heteropolar, cylindrical, variously elongated (100-450 µm).

Sheaths were seen occasionally, and were very thin and colorless, with limited motility (gliding).

Trichomes were attenuated towards extremities, constricted or no constricted and sometimes slightly bent near the apex (Fig. 10). Cells were cylindrical, shorter than wide, 5-7.3 µm wide and 3.3-5.4 µm long, with a length:width ratio of 0.7. Apical cells were rounded, conical, more or less tapered, sometimes bent but not sharply pointed, without calyptra (Fig. 10; Table S4). Cell content was granular with cyanophycin granules and carboxysomes (polyhedral or dense bodies; Fig. 10). These proteinaceous microcompartments play a major role in the carbon-fixation process by increasing the CO 2 concentration around RuBisCO, thus promoting carboxylation at the expense of oxygenation. Sheaths were generally thin and some trichomes were associated with bacteria under our laboratory culture conditions. Cross-walls were clearly visible with TEM (Fig. 10) and the thylakoids were arranged radially in cross sections of the trichomes.

The 16S rRNA gene sequence comparisons (BLAST) showed that the PMC 877.14 strain shared ≥ 99% sequence identity with other Planktothricoides strains (data not shown). The phylogenetic tree of the sequences of Planktothricoides produced two main clusters (Fig. 9). The first cluster was primarily composed of strains isolated from freshwater habitats, the one from Thermes de Balaruc-Les-Bains, one strain from Thailand, one from Australia, one from Japan and one from Singapore. The second cluster grouped the strains Candidatus 'Planktothricoides niger' and Candidatus 'Planktothricoides rosea' from periphyton mats of tropical marine mangroves in Guadeloupe [START_REF] Guidi-Rontani | Description of new filamentous toxic Cyanobacteria (Oscillatoriales) colonizing the sulfidic periphyton mat in marine mangroves[END_REF]. The two species, Candidatus 'Planktothricoides niger' and Candidatus 'Planktothricoides rosea', have been distinguished by their phycoerythrin pigment content. The Planktothricoides strain from Thermes de Balaruc-Les-Bains (PMC 877.14) contained two dominant phycobilin pigments, phycoerythrin (PE) and phycocyanin (PC), with a PC:PE ratio = 1 (Fig. S1, Table S4). As the color of trichomes differs between field samples and laboratory cultures, we suggest that this strain can either undergo complementary chromatic adaptation [START_REF] Grossman | A molecular understanding of complementary chromatic adaptation[END_REF] or modify its PC:PE ratio depending on light wavelength or penetration through the biomass. This characteristic is clearly different from the type description of Planktothricoides raciborskii (Wołosz.) Suda and M. M. Watanabe [START_REF] Suda | Taxonomic revision of water-bloom-forming species of oscillatorioid cyanobacteria[END_REF][START_REF] Komárek | Taxonomic review of the cyanoprokaryotic genera Planktothrix and Planktothricoides[END_REF], where phycoerythrin was described as absent and complementary chromatic adaptation was not observed. The presence of PE should not be considered as sufficient to assign the strain PMC 877.14 to either Planktothricoides niger or Planktothricoides rosea, and we considered the phylogenetic data strong enough to label the PMC 877.14 strain as Planktothricoides raciborskii.

Laspinema sp. (F. Heidari & T. Hauer, 2018) The Laspinema strain (PMC 878.14) was isolated from the mud covering the maturation basin of Thermes de Balaruc-Les-Bains. Examination of field samples showed a pale green to brown diffluent thallus (Fig. 11). In culture, the strain showed green or blackish green thallus formed mats and its trichomes were bright blue-green often gradually attenuated at the ends, long, straight, not constricted at the finely granulated cross-walls, bent, hooked and intensely motile (Fig. 11). Cells were always shorter than wide, 3.8-4.8 µm wide, 2.3-3.3 µm long with a length:width ratio of 0.7. Sheaths were generally absent (Fig. 11). The apical cells were obtusely-rounded to rounded-conical without calyptra, and often with thickened outer cell walls (Fig. 11).

The thylakoids visible in cross sections of the trichomes were radially arranged with several interthylakoidal spaces (Fig. 11). Other components such as numerous small gas vesicles or aerotopes, which promote flotation of the filaments, carboxysomes, cyanophycin granules (nitrogen reserves), glycogen, lipids, or poly-β-hydroxybutyrate acting as carbon and energy sources, and polyphosphate granules (phosphorus reserves) were observed within the cells The 16S rRNA gene sequence analysis (BLAST) showed that the PMC 878.14 strain shared ≥99% sequence identity with other Laspinema sp. strains (data not shown). The phylogenetic tree of Laspinema strains had one robust cluster (Fig. 9) composed of several species including L. lumbricale, L. thermale and L. etoshii. Comparison of the morphological characteristics of the different species (Table S5) did not allow us to assign a species name to the studied strain. Thus, strain PMC 878.14 was named Laspinema sp.

based on morphology (Table S5) and phylogenetics (Fig. 9).

Microcoleus vaginatus (Gomont ex Gomont 1892)

Microcoleus vaginatus (PMC 879.14) was isolated from the wall of the retention basin. The field samples showed a dense green or blackish green thallus (Fig. 12). In culture, the thallus was green or blackish green, forming mats and showing motility (gliding). Trichomes were often gradually attenuated at the ends, with no constrictions at the cross-walls (Fig. 12). The cell wall envelope consisted of a cytoplasmic membrane bounded by relatively thin wall layers. The apical cells were rounded with rounded or truncated calyptra, often with thickened outer cell walls (Fig. 12). Cells were always shorter than wide, 4.7-6.2 µm wide by 2.4-4.8 µm long, with a length:width ratio of 0.7 (Table S6).The thylakoids formed fascicle-like aggregations arranged irregularly in the cells. The cells contained several large cyanophycin granules, some carboxysomes and numerous small gas vesicles or aerotopes (Fig. 12).

The 16S rRNA gene sequence analysis (BLAST) showed that PMC 879.14 shared ≥98% sequence identity with other Microcoleus vaginatus strains (data not shown). The phylogenetic tree placed the sequence in a well-grouped cluster containing numerous M. vaginatus sequences (Fig. 9). Some sequences belonging to Oscillatoria amoena and O. nigro-viridis were also grouped in this cluster, probably because they were assigned before the taxonomic revision of this group (Strunecky et al. 2013). According to phylogeny and following the recent taxonomic revision, the strain PMC 879.14 was assigned to Microcoleus vaginatus.

Lyngbya martensiana (Meneghini ex Gomont 1892)

Lyngbya martensiana (PMC 880.14) was isolated from the epilithic biofilm of the retention basin of Thermes de Balaruc-Les-Bains. Field examinations and laboratory cultures showed bright-green thalli composed of tangled filaments, usually arranged in parallel (Fig. 13). Filaments were long, straight or variously flexuous with thick colorless sheaths. Trichomes were cylindrical and not constricted at the cross-walls. The granular cell contents were pale blue-green. Cells were discoid, shorter than wide, 4.8-6.6

(5.3±0.47) µm wide, 1.2-2.1 (1.6±0.2) µm long with a length:width ratio of 0.3. Apical cells were widely rounded, hemispherical or depressed-hemispherical without calyptra (Fig. 13). The thylakoids formed fascicle-like aggregations arranged irregularly in the cells and situated near walls and cross-walls.

Numerous pores penetrating the cross-walls between the cells were clearly visible (Fig. 13). Gas vesicles occurred throughout the cells, which also contained reserve granules and some carboxysomes (Fig. 13).

The 16S rRNA gene sequence analysis showed that PMC 880.14 shared ≥96% sequence identity with other Lyngbya martensiana strains (data not shown). The phylogenetic tree of the sequences of Lyngbya martensiana strains produced one well-grouped cluster (Fig. 9). The morphological characteristics (Table S7) and the well-grouped Lyngbya martensiana cluster allowed us to name the PMC 880.14 strain as Lyngbya martensiana (Gomont M. 1892).

Characterization of strains belonging to the Order Nostocales

Among the nine studied strains, three belonged to the Nostocales: Nostoc sp. (PMC 881.14), Aliinostoc sp. (PMC 882.14) and Calothrix sp (PMC 884.14).

Nostoc sp. (Vaucher ex Bornet & Flahault, 1886) Nostoc sp. (PMC 881.14) was isolated from the epilithic biofilm on the wall of the retention basin. Field samples had a dense thallus with blackish green or brownish macroscopic colonies (Fig. 15). These macroscopic colonies resulted from several small, amorphous, fine, thin and mucilaginous colonies. In culture, old colonies (up to 130 µm in diameter) were enveloped by a firm periderm that could break and release young colonies. Within the colonies, the filaments were very densely tangled, flexuous and/or coiled. They were blackish green or brownish, ~5 µm wide, highly constricted at cross-walls, uniseriate, unbranched, isopolar, moniliform and/or curled (Fig. 15). Cells were isodiametric, well separated from one another by cross-walls, wider than long, 2.8-5.5 (4.5±0.9) μm wide, 2. 6-4.6 (3.4±0.5) µm length with a length:width ratio of 0.7. The apical cells were spherical to conical (data not shown). The heterocytes were 2. 6-5.7 (3.4±0.6) µm wide and 2.3-5.1 (3.8±0.7) µm long. Akinetes were never observed during the three years of culture, even when the strain was cultivated in Z8X medium without a nitrogen source to induce stress conditions. An extensive gelatinous matrix was observed resulting in a long internal diffusion path from the surface to the trichomes. A sheath with a periplasmic membrane was clearly visible by TEM (Fig. 15). The thylakoids were fascicular with irregular spherical formations (Fig. 15).

The 16S rRNA gene sequence analysis showed that PMC 881.14 strain shared ≥ 96% sequence identity with other Nostoc sp. strains (data not shown). The phylogenetic tree based on 16S rRNA gene sequences showed that the PMC 881.14 strain was grouped into a unique Nostoc cluster (Fig. 14) with a high bootstrap value. Within this cluster three sequences were not assigned at the species level, and the five others were assigned to different species: N. calcicola, N. punctiforme, N. flagelliforme, N. edaphicum, N.

ellisporum.

It is now well known that Nostoc is a complex genus. The species belonging to Nostoc were generally described as microscopic, spherical, oval, ovoid, irregular in their colony form, gelatinous, irregularly clustered, amorphous, dull olive to brownish gelatinous clusters free-living on mud (Table S8). Because of this heterogeneity, it is difficult to clearly differentiate related taxa within the genus based solely on morphology [START_REF] Singh | New species of Nostoc (cyanobacteria) isolated from Pune, India, using morphological, ecological and molecular attributes[END_REF][START_REF] Komárek | Quo vadis, taxonomy of cyanobacteria[END_REF]. Previous studies using a polyphasic approach led to the splitting of Nostoc into several genera, including Mojavia, Desmonostoc and Compactonostoc [START_REF] Hrouzek | Nitrogenase activity (acetylene reduction activity) and diversity of six soil Nostoc strains[END_REF][START_REF] Řeháková | Morphological and molecular characterization of selected desert soil cyanobacteria: three species new to science including Mojavia pulchra gen. et sp[END_REF]Řeháková et al. , Cai et al, 2019)). It is difficult to separate these groups within Nostoc sensu lato based only on morphological characteristics (Table S8). Following the concept that a taxonomic unit (family, genus, species) must be included in only one phylogenetic lineage [START_REF] Komárek | Delimitation of the family Oscillatoriaceae (Cyanobacteria) according to the modern polyphasic approach (introductory review)[END_REF], the strain PMC 881.14 was considered as a Nostoc sp. because our results did not allow us to give any further species assignment to this strain. Aliinostoc sp. (S.N. Bagchi, N. Dubey & P. [START_REF] Bagchi | Phylogenetically distant clade of Nostoc-like taxa with the description of Aliinostoc gen. nov. and Aliinostoc morphoplasticum sp[END_REF] Aliinostoc sp. (PMC 882.14) was isolated from the epilithic biofilm on the wall of the retention basin. Field samples showed free blue-green filaments (Fig. 16), while in culture the filaments were flexuous and entangled. The trichomes were pale blue-green, cylindrical, thin (< 6 µm wide), and highly constricted at cross-walls (Fig. 16). Cells were well separated from each other by cross-walls, isodiametric, and longer than wide, 3.4-5.6 (4.5±0.6) μm wide by 2.6-6.4 (4.6±1.0) µm long with a length:width ratio of 1.0 (Table S9). SEM showed that apical cells were conical (Fig. 16). The heterocytes were 4.1-6.5 (5.4±0.5) µm wide by 4. 1-6.8 (5.4±0.6) µm length and akinetes were 4. 5-7.4 (5.9±0.8) µm wide by 4.5-9.0 (7.2±1.0) µm long (Table S9). No sheath was visible under TEM (Fig. 16).

The thylakoids were fascicular with irregular spherical formations (Fig. 16). The cells contained several reserve granules and numerous carboxysomes (Fig. 16). The heterocyst TEM observations showed a few thylakoids and large cyanophycin granules.

The 16S rRNA gene sequence analysis showed that PMC 882.14 shared ≥ 98% sequence identity with other Aliinostoc sp. Strains (data not shown). The trees based on 16S rRNA gene sequences placed PMC 882.14 within a well-grouped cluster of Aliinostoc sequences (Fig. 14). Within this cluster, several sequences were identified as Aliinostoc tiwarii, A. constricutum, A. soli, A. magnkinetifex, A. catenatum and A. morphoplasticum, mainly based on morphological characteristics (Table S9). Aliinostoc sp. Showed close morphological resemblance to the genera Nostoc and Trichormus. A diacritical feature for Aliinostoc is the presence of motile hormogonia with gas vesicles [START_REF] Bagchi | Phylogenetically distant clade of Nostoc-like taxa with the description of Aliinostoc gen. nov. and Aliinostoc morphoplasticum sp[END_REF]. The authors also stated that filaments must be loosely arranged with variable tendencies for coiling. These organisms were generally isolated from habitats rich in dissolved ions and salts, with high water conductivity. As for the Nostoc sp. PMC 881.14, description and morphology alone were of little help in assigning the strain to Aliinostoc sensu lato [START_REF] Bagchi | Phylogenetically distant clade of Nostoc-like taxa with the description of Aliinostoc gen. nov. and Aliinostoc morphoplasticum sp[END_REF]) (Table S9). Based on the rule that a taxonomic unit (i.e. genus, species) must be included in only one phylogenetic lineage [START_REF] Komárek | Delimitation of the family Oscillatoriaceae (Cyanobacteria) according to the modern polyphasic approach (introductory review)[END_REF], the strain PMC 882.14 was named Aliinostoc sp. because our data were not sufficient to give a species assignment. Observations of field samples showed a brown filamentous thallus basally attached to the substratum and forming thin mats. In culture, the filamentous thallus formed small brownish-green tufts (Fig. 17).

Filaments were aggregated, flexuous, heteropolar, widened near the base and narrowed towards the ends, without false branching. The terminal cells were of variable length, conical, bluntly pointed and tapered.

The sheath was generally firm and colorless. The trichomes were of different lengths (> 800 µm long), pale blue-green, olive-green to greyish-green, more or less constricted at the cross-walls, and narrowed at the apex: 6.7-10.4 (8.1±0.7) µm wide at the base, 4.7-7.7 (5.8±0.6) µm in the middle and 3.5-5 (4.4±0.4) µm near the ends (Fig. 17, Table S10). Vegetative cells were more or less quadratic, generally shorter than wide in the upper part of the trichome and/or longer than wide in the lower part of the trichome, 5.2-7.9 (6.6±0.7) μm wide by 4.8-6.2 (5.5±0.4) µm long. Heterocytes were basal, single, hemispherical, 4.7-8.2 (6.2±0.9) μm wide by 3.5-7.3 (4.9±0.9) µm long. Akinetes were not observed during the three years the cultures were maintained, even when strain PMC 884.14 was cultivated under stress conditions. The 16S rRNA gene sequence analysis showed that PMC 884.14 shared ≥ 99% sequence identity with other Calothrix sp. strains (data not shown). Phylogenetic trees grouped PMC 884.14 into a coherent Calothrix clade (Fig. 14) in which the sequences were mainly assigned to Calothrix sp. Recent revision suggested that the genus Calothrix should be split into several genera including Tolypothrix and Rivularia [START_REF] Berrendero Gómez | Macrochaete gen. nov. (Nostocales, Cyanobacteria), a taxon morphologically and molecularly distinct from Calothrix[END_REF]. Based on a polyphasic study of 135 heterocytous tapering cyanobacteria, of which 99 were identified as Calothrix, these authors showed that the majority of Calothrix sequences were spread among four lineages, two of which were marine, while the other two were freshwater and soil strains [START_REF] Berrendero | Phenotypic variability and phylogenetic relationships of the genera Tolypothrix and Calothrix (Nostocales, Cyanobacteria) from running water[END_REF][START_REF] Berrendero Gómez | Macrochaete gen. nov. (Nostocales, Cyanobacteria), a taxon morphologically and molecularly distinct from Calothrix[END_REF]. As the sequences for the Calothrix type species (C. confervicola) were lacking, and no culture was available in any collection, we could not say which Calothrix clade represents the true Calothrix. It would be helpful to conduct more phylogenetic analyses to elucidate the phylogeny of the heteropolar, tapering taxa within Nostocales. Based on the rule that a taxonomic unit must be included in only one phylogenetic lineage [START_REF] Komárek | Delimitation of the family Oscillatoriaceae (Cyanobacteria) according to the modern polyphasic approach (introductory review)[END_REF], PMC 884.14 was assigned to Calothrix sp. as this study did not allow us to give a species name to this strain.

Potential therapeutic properties of cyanobacterial strains from the muds of the thermal springs of

Balaruc-les-Bains

A polyphasic approach is still the best way to correctly determine the taxonomy of a new isolate [START_REF] Komárek | Delimitation of the family Oscillatoriaceae (Cyanobacteria) according to the modern polyphasic approach (introductory review)[END_REF][START_REF] Komárek | Quo vadis, taxonomy of cyanobacteria[END_REF]. Using morphological, ultrastructural and molecular methods, the nine cyanobacterial isolates from the muds of Thermes de Balaruc-Les-Bains, were clearly identified as belonging to the orders Chroococcales: Pseudo-chroococcus couteii; Synechococcales: Leptolyngbya boryana; Oscillatoriales:

Planktothricoides raciborskii, Laspinema sp., Microcoleus vaginatus, Lyngbya martensiana and Nostocales: Nostoc sp., Aliinostoc sp., Calothrix sp. This taxonomic diversity along with literature reports of the bioactive metabolite synthesis potential of these taxa allowed us to hypothesize that some of the metabolites produced by these strains may be active in the mud therapy at Thermes de Balaruc-Les-Bains.

A recent literature review [START_REF] Demay | Natural Products from Cyanobacteria: Focus on Beneficial Activities[END_REF]) emphasized this great potential (Table S11). All cyanobacteria are known to synthesize pigments such as chlorophylls, phycobiliproteins and carotenoids (Fig. S1), which can have antioxidant or anti-inflammatory properties (Table S11). These pigments were synthesized by the studied isolates in different percentages, depending on the strain and the physiology (Table S11). In addition to pigment production, Lyngbya, Calothrix and Chroococcus strains have attracted further interest because they produce bioactive molecules such as mycosporine-like amino acids (MAAs) and the yellow-brown scytonemin pigments with reported antioxidant, anti-inflammatory and UVprotecting activities. Numerous bioactive compounds from strains belonging to the Nostoc genus have also been described, including the anti-inflammatory metabolites aeruginosins and scytonemins.

Planktothricoides, Aliinostoc, Laspinema sp., Microcoleus and the new genus Pseudo-chroococcus were not reported in [START_REF] Demay | Natural Products from Cyanobacteria: Focus on Beneficial Activities[END_REF] to have antioxidant and/or anti-inflammatory activities.

Misidentification of Oscillatoriales with their very simple filamentous organization and no diacritical characteristics, occurs frequently and some isolates could have been described as Phormidium, Lyngbya or other simple organized Oscillatoriales.

CONCLUSIONS

Cyanobacterial taxonomy has changed substantially over the last few years thanks to revisions of the morphological criteria and the use of gene sequencing. To resolve the taxonomic discrepancies between morphological and 16S rRNA data and better assign new isolates of cyanobacteria, the use of whole genome sequencing is warranted. Approximately 1440 cyanobacterial genomes (complete or in progress) are currently available (S. Halary, personal communication) in GenBank (NCBI Datasets "cyanobacteria", accessed on 9 Sept. 2020). However, this growing number of available genomes may hide the low representativeness of the diversity of cyanobacteria since most sequenced strains belong to the orders Nostocales and Synechococcales with 457 and 600 available assemblies, respectively. For example, very few genomes were available for the genera assigned to Balaruc strains with 2-8 genomes available for Planktothricoides, Lyngbya and Microcoleus and none for Aliinostoc and Pseudo-chroococcus. Correct assignment of new isolates is essential for understanding the relationships among strains and identifying beneficial therapeutic properties such as those possessed by the mud therapy strains from Thermes de Balaruc-Les-Bains. The isolates maintained in collections will allow in-depth investigation of their potential for production of bioactive metabolites using genomic and biochemical methods.

range of studies dealing with photosynthetic microorganisms from marine and freshwater habitats, and also from terrestrial and extreme environments. Alain Couté's contribution will be always relevant and was a driver for shaping this manuscript. P s e u d oc h r o o c o c c u s c o u t e i Table S3. Comparison of the morphological features of the Leptolyngbya boryana sp. PMC 883.14 strain with other Leptolyngbya species belonging to the same phylogenetical cluster (Fig. 8). nd: not determined. Table S4. Comparison of the morphological features of the Planktothricoides raciborskii PMC 877.14 strain with other Planktothricoides species belonging to the same phylogenetical cluster (Fig. 9). nd: not determined. Table S5. Comparison of the morphological features of the Laspinema sp. PMC 878.14 strain with other Laspinema and Phormidium species belonging to the same phylogenetical cluster (Fig. 9). nd: not determined. Table S7. Comparison of the morphological features of the Lyngbya martensiana PMC 880.14 strain with other Lyngbya martensiana belonging to the same phylogenetical cluster (Fig. 9). nd: not determined. 
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  and Fig. 5) of Chroococcus strains produced three main clusters, Chroococcus-like, Inacoccus/Cryptococcum and Limnococcus/Gleocapsa, separated from the Chroococcus sensu stricto cluster. The first cluster was mainly composed of three strains of Inacoccus carmineus from concrete of Santa Virgínia Park in Brazil and two strains of Cryptococcum from thermal springs and soil. The second cluster grouped Limnococcus limneticus and Gleocapsa sp. 16S rRNA gene sequences. The third Chroococcus-like cluster consisted of two sub-clusters: one composed of three marine strains isolated from surface sediments in New Zealand

  by C. Duval, S. Hamlaoui, C. Bernard gen. nov., sp. nov. Diagnosis: Solitary cells or small colonies of 2, 4 or 8 cells surrounded by dense, colorless and slightly lamellate mucilaginous envelopes. Cells, spherical or hemispherical 14-18 µm in diameter with pale-green, blue-green or grey homogeneous to granulate cell contents. Cell division occurring by binary fission in three or more planes, or irregularly in old colonies. Holotype: A formaldehyde-fixed, cryopreserved sample of the strain PMC 885.14 was deposited at the Paris Museum Collection (PMC), Paris, France. Type strain: A live culture was deposited at the Paris Museum Collection (PMC) as PMC 885.14, with GenBank accession no. MT985488 for the 16S-23S rRNA gene sequence. Type locality: epilithic biofilm, retention basin of the thermal springs at Balaruc-Les-Bains, France (GPS: 43°26'44.0"N 3°40'29.6"E). Etymology: the name of the genus, Pseudo-chroococcus, refers to the cyanobacterium morphology (colonial) like Chroococcus sensu stricto, but, clearly phylogenetically separate in two different clades; couteii = named in honor of Prof. Alain Couté, a French phycologist at the National Museum of Natural History in France.

  Calothrix sp. (C. Agardh ex Bornet & Flahaut, 1886) Calothrix sp. (PMC 884.14) was isolated from the biofilm at the surface of the mud of the retention basin.

Figure 1 .

 1 Figure 1. Retention basin of the Thermes de Balaruc-Les-Bains. Views of the mud maturation basin (mb), the water retention basin (rb) and the thermal spring water supply (ts) on February 28t h , 2014 (A) and on May 12 th , 2014 (B).

Figure 2 .

 2 Figure 2. Maximum likelihood phylogenetic tree based on 16S rRNA gene sequences of representative cyanobacteria strains (129 sequences, 1446 aligned nucleotide positions, GTR+G+I model) belonging to the orders Oscillatoriales, Nostocales, Chroococcales, Synechococcales and the studied strains form Thermes de Balaruc-Les-Bains (in bold). Gloeobacter violaceus was used as outgroup. Numbers above branches indicate bootstrap support (>50% shown) based on 1000 replicates.

Figure 3 .

 3 Figure 3. Light microscopy (A), SEM (B) and TEM (C-F) micrographs of Pseudochroococcus couteii (PMC 885.14) from Thermes de Balaruc-Les-Bains. A: Light microscopy of a packet-form colony, four-celled groups of spherical, very small cells, brownish color with dense mucilaginous sheath around cells. B: external observation of a packet-form colonies C, D, E, F.: the four-grouped cells were surrounded by a dense mucilage. Cells details showing a fasciculate arrangement of thylakoids. Abbreviations: c: colony of four-grouped cells, cy: cyanophycine granules, cw: cell wall, pa: cells partition, mu: mucilage, t: thylakoids.

Figure 4 .Figure 5 .

 45 Figure 4. Consensus phylogenetic tree (Maximum likelihood tree presented) based on 16S rRNA-encoding gene sequences (54 sequences, 705 aligned nucleotide positions, GTR+G+I model) of representative cyanobacteria strains belonging to the order Chroococcales. Thermes de Balaruc-Les-Bains's strain is indicated in bold, other species and sequences were obtained from Genbank. Gloeobacter violaceus PCC 7421 was used as an out-group. Numbers above branches indicate bootstrap support (>50%) from 1,000 replicates. Bootstrap values are given in the following order: maximum likelihood / neighbor joining / maximum parsimony. (✷ marine strains; Cluster 1 : Chroococcus-like , 2 : Limnococcus/Gloeocapsa, 3 : Inacoccus/Cryptococcum, 4 : Chroococcus sensu stricto)

Figure 6 .

 6 Figure 6. 16S-23S ITS secondary structure of the D1-D1' helices of Inacoccus, Cryptococcum, Chroococcus and Chroococcus-like (syn. Pseudo-chroococcus) cluster.

Figure 7 .

 7 Figure 7. Light microscopy (A, B), MEB (C) and TEM (D-F) micrographs of Leptolyngbya boryana (PMC 883.14) from Thermes de Balaruc-Les-Bains. A: entangled filaments and trichomes with sheath. B: observations of trichomes with probable exudates localized on cell junctions. Longitudinal (C-E) and cross sections (F) of trichomes with sheaths showing the ultrastructural details. Abbreviations: cc: cross-wall constriction, cm: cytoplasmic membrane, cy: cyanophycin granules, t: thylakoids, tz: transparent zone.

Figure 8 .

 8 Figure 8. Consensus phylogenetic tree (Maximum likelihood tree presented) based on 16S rRNA gene sequences (54 sequences, 1333 aligned nucleotide position, GTR+G+I model) of representative cyanobacteria strains belonging to the orders Synechococcales, Thermes de Balaruc-Les-Bains's strain is indicated in bold (with brown color), other species were obtained from Genbank. Gloeobacter violaceus PCC 7421 was used as an outgroup. Numbers above branches indicate bootstrap support (>50%) from 1000 replicates. Bootstrap values are given in the following order: maximum likelihood / neighbor joining / maximum parsimony.

Figure 9 .

 9 Figure 9. Consensus phylogenetic tree (Maximum likelihood tree presented) based on 16S rRNA gene sequences (57 sequences, 1305 aligned nucleotide positions, GTR+G+I model) of representative cyanobacteria strains belonging to the orders Oscillatoriales, Thermes de Balaruc-Les-Bains's strains are indicated in bold (colored in blue), other species were obtained from Genbank. Gloeobacter violaceus PCC 7421 was used as an out-group. Numbers above branches indicate bootstrap support (>50%) from 1000 replicates. Bootstrap values are given in the following order: maximum likelihood / neighbor joining / maximum parsimony.

Figure 10 .

 10 Figure 10. Light microscopy (A, B), SEM (C) and TEM (D-F) micrographs of Planktothricoides raciborskii (PMC 877.14) from Thermes de Balaruc-Les-Bains. A: Light microscopy of trichomes from field sample. B: Light microscopy of trichomes in culture. C: trichomes associated or not with bacteria. Longitudinal (C-E) and cross sections (F) of the trichomes showing the ultrastructural details. Abbreviations: ac: apical cell, ae: aerotopes, bact: bacteria, c: carboxysome, cm: cytoplasmic membrane, cy: cyanophycin granules, its: inter thylakoidal space, r: reserves (lipids, polyphosphates, poly-β-hydroxybutyrate), t: thylakoids, vs: clear vesicle.

Figure 11 .

 11 Figure 11. Light microscopy (A), SEM (B) and TEM (C-D-E-F) micrographs of Laspinema sp. (PMC 878.14) from Thermes de Balaruc-Les-Bains. A: filaments with typical shape of apical cell. B: observations of filaments. Longitudinal (C-E) and cross sections (F) of trichomes showing the ultrastructural details. Abbreviations: ab: beta-hydroxybutyric acid, ac:apical cell, ca: carboxysome, cy: cyanophycin granule, gv: gas vesicles, its: inter thylakoidal space, t: thylakoids.

Figure 12 .

 12 Figure 12. Light microscopy (A), SEM (B) and TEM (C-D-E-F) micrographs of Microcoleus vaginatus (PMC 879.14) from Thermes de Balaruc-Les-Bains. A: entangled filaments with sheath. B: filaments with apical cell. Longitudinal (C-D-E-F) of trichomes with sheaths showing the ultrastructural details. Abbreviations: ab: acid beta-hydroxybutyric, ac: apical cell, cy: cyanophycin granule, f: filament, t: thylakoids.

Figure 13 .

 13 Figure 13. Light microscopy (A), SEM (B) and TEM (C-D-E-F) micrographs of Lyngbya martensiana (PMC 880.14) from Thermes de Balaruc-Les-Bains. A: filaments with sheath. B: observation of a filament. Longitudinal section (C-D-F) and cross section showing the ultrastructural details. Abbreviations: ab: beta-hydroxybutyric acid, ca: carboxysome, cy:cyanophycin, cw: cell wall, its: inter thylakoidal space, f: filament, pbs: phycobilisomes (photosynthetic antenna), s: sheath, t: thylakoids.

Figure 14 .

 14 Figure 14. Consensus phylogenetic tree (Maximum likelihood tree presented) based on 16S rRNA gene sequences (69 sequences, 1310 aligned nucleotide position, GTR+G+I model) of representative cyanobacteria sequences (Genbank) belonging to the Nostocales and the studied strains from Thermes de Balaruc-Les-Bains are indicated in bold (with purple color).Gloeobacter violaceus PCC 7421 was used as an out-group. Numbers above branches

Figure 15 .

 15 Figure 15. Light microscopy (A-B), SEM (C) and TEM (D-E-F-G) micrographs of Nostoc sp. (PMC 881.14) from Thermes de Balaruc-Les-Bains. A: Observation of the filaments located inside the capsule, B: Observation of two colonies, spherical, irregular in their shape, dull olive to brownish-colored and gelatinous. Filaments very densely entangled, flexuous, coiled inside the colonies. C: external observation of a capsule. Longitudinal (D-F-G) and cross sections (E) showing the ultrastructural details. Abbreviations: cp: capsule, cw: cell wall, f: filament, mu: mucilage, sh: sheath, t: thylakoids.

Figure 16 .

 16 Figure 16. Light microscopy (A), SEM (B) and TEM (C-F) micrographs of Aliinostoc sp. (PMC 882.14) from Thermes de Balaruc-Les-Bains. A: Light microscopy of filament from field sample. B: SEM observations of trichome. Longitudinal sections(C-F) of an heterocyte (E) and vegetative cells (C, D, F) showing the ultrastructural details. Abbreviations: ca: carboxysome, cif: carboxysome in formation, cw: cell wall, its: inter thylakoidal space, t: thylakoids.

Figure 17 .AS

 17 Figure 17. Light microscopy (A), SEM (B) and TEM (C-D-E-F) micrographs of Calothrix sp. (PMC 884.14) from Thermes de Balaruc-Les-Bains. A: entangled filaments with sheath. B: observations of filament. Longitudinal (C-D-F) and cross sections (E) of trichomes with sheaths showing the ultrastructural details. Abbreviations: ca: carboxysome, ld: lipid droplet, cw: cell wall, sh: sheath, t: thylakoids, mu: mucilage.
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	99 / 100 / 99	Phormidium cf. nigrum CCALA 147 (AM398779.1)
		Phormidium cf. irriguum CCALA 759 (EU196638.1)
	98 / 99 / 99	Lyngbya robusta CCALA 966 (JN854138.1)
	98 / 100 / 99		Lyngbya hieronymusii N-929 (JN854140.1)
	Lyngbya aestuarii PCC 7419
			Lyngbya martensiana H3b/33 (JN854141.1)
	99 / 100 / 99	Lyngbya martensiana MBDU 518 (KX913923.1) Lyngbya martensiana H3b/7 (JN854142.1)
			Lyngbya martensiana AUS-JR/MT/NT-124 (KX670285.1)
			94 / 99 / 98	Lyngbya martensiana PMC 880.14 (MT984286)
		Gloeobacter violaceus PCC 7421 (AF132790.1)
	0.020	

Table 1 .

 1 List of cyanobacteria strains isolated from the retention basin of Thermes of Balaruc-Les-Bains and their corresponding strain numbers, habitat (water column or biofilms) and sampling dates. PMC: Paris Museum Collection.

	Order	Species	Strain number	Habitat	Sampling date
	Chroococcales	Pseudo-chroococcus couteii	PMC 885.14	Epilithic biofilm	23/06/2014
	Synechococcales	Leptolyngbya boryana	PMC 883.14	Mud surface	12/05/2014
	Oscillatoriales	Planktothricoides raciborskii	PMC 877.14	Mud surface	26/05/2014
		Laspinema sp.	PMC 878.14	Mud surface	23/06/2014
		Microcoleus vaginatus	PMC 879.14	Epilithic biofilm	26/05/2014
		Lyngbya martensiana	PMC 880.14	Epilithic biofilm	23/06/2014
	Nostocales	Nostoc sp.	PMC 881.14	Epilithic biofilm	23/06/2014
		Aliinostoc sp.	PMC 882.14	Epilithic biofilm	23/06/2014
		Calothrix sp.	PMC 884.14	Mud surface	12/05/2014

Lyngbya martensiana PMC 880.14 (MT984286)

  

				69 / -/ 67
				100 / -/ 92
				53 / 95 / 95
				51 / -/ -
				50 / -/ -
				100 / 100 / 95
				94 / 69 / 78
				98 / 94 / 98
				100 / 100 / 100
				86 / 50 / -
				99 / 91 / 99
				76 / 79 / 87
				100 / 97 / 99
				84 / 99 / -	55 / 53 / 84
				100 / 100 / 100
				83 / 93 / 84 53 / 85 / 81 99 / 98 / 99	Nostocales
				59 / 69 / 59
				99 / 93 / 93
				69 / 84 / 72
				97 / 100 / 95
				96 /9 7 / 94
			99 / 80 / 98	82 / 55 / 73	94 / 95 / 96
				100 / 99 / 99
				61 / -/ -
				63 / 81 / 78
				99 / 91 / 99
				100 / 100 / 100
				85 / 95 / -	100 / 100 / 100
				100 / 100 / 100
				91 / 79 / 69
				99 / 100 / 99
				100 / 100 / 100
				67 / 87 / -	86 / 95 / 79
				100 / 100 / 100
				100 / 100 / 100
				100 / 100 / 99 62 / 72 /65	Synechococcales
				100 / 100 / 100
				92
				87
				100 / 100 / 100
				50 / -/ -
				100 / 100 / 100
				100 / 100 / 100
				87 / 64 / 69
				95 / 90 / 63
				100 / 100 / 100
				96 / 66 / 97
				100 / 100 / 99
				95 / 94 / 87
				99 / 93 / 89
				100 / 100 /100
				100 / 100 / 100
				100 / 100 / 100	Chroochococcales
				100 / 100 / 100
				98 / 99 / 76
				100 / 100 / 100
				100 / 100 / 99
				83 / 51 / -
				100 / 100 / 100
	65 / -/ -			99 / 96 / 91
				100 / 100 / 100
				100
			100 / 99 / 99	Trichodesmium thiebautii
			100 /100 / 100	(AF091321.1) Trichodesmium hildebrandtii
				(AF091322.1) Trichodesmium erythraeum IMS101 (113473942:3137158-
		100 / 100 / 100	3138645) Kamptonema animale INDIA92
	62 / -/ 51			(KP221930.1) Kamptonema animale CCALA 771
				(KP221932.1) Microcoleus vaginatus Luznice (KC633959.1)
	77 /51 / -		Microcoleus autumnalis Arct-Ph5 (DQ493873.2) Microcoleus autumnalis SAG 35.90 (EF654081.1)
				Microcoleus vaginatus CCALA 154 (JN230342.1)
	100 / 99 / 99 81 / 81 / 60	Microcoleus vaginatus PCC 9802 (AF284803.1) Microcoleus vaginatus SAG 2502 (MK953007.1) Microcoleus vaginatus PMC 879.14 (MT984285) Microcoleus vaginatus JR12 (JN230335.1)	Oscillatoriales
				Microcoleus vaginatus JR6 (JN230339.1)
	100 / 100 / 99	Lyngbya robusta CCALA 966 (JN854138.1)
				Lyngbya aestuarii PCC 7419
				Planktothricoides raciborskii NSLA4 (AB045963.1)
				Planktothricoides raciborskii PMC 877.14 (MT984287)
				100 / 100 / 100	Planktothricoides raciborskii NIES-207 (AB045960.1)
				52 / 62 / -	Planktothricoides raciborskii OR1-1 (B045964.1)
		Laspinema lumbricale UTCC 476 (AF218375.1)
	81 / 91 /68 100 / 100 /100	Laspinema thermale HK S5 clone cl2 (MF360989.1) Laspinema sp. PMC 878.14 (MT984288) Laspinema thermale HK S3 clone cl2 (MF360982.1)
			Phormidium cf. terebriformis KR2003/25 (AY575936.1)
	90 / -/ 86	Laspinema etoshii KR2008/49 (KC014068.1)	0.050
				Gloeobacter violaceus PCC 7421 (AF132790.1)

Table S1 .

 S1 List of GenBank accession numbers. PMC: Paris Museum Collection.

	Order	Species	Strain number	16S	16S -23S
	Chroococcales	Pseudo-chroococcus couteii	PMC 885.14	-	MT985488
	Synechococcales	Leptolyngbya boryana	PMC 883.14	MT984284	-
	Oscillatoriales	Planktothricoides raciborskii	PMC 877.14	MT984287	-
		Laspinema sp.	PMC 878.14	MT984288	-
	Nostocales	Microcoleus vaginatus Lyngbya martensiana Nostoc sp. Aliinostoc sp. Calothrix sp.	PMC 879.14 PMC 880.14 PMC 881.14 PMC 882.14 PMC 884.14 F o r P e e r R e v i e w MT984285 -MT984286 -MT984289 -MT984291 -MT984290 -

Table S2 .

 S2 Comparison of the morphological features of Pseudo-chroococcus couteii PMC 885.14 strain with other Chroococcales (Gleocapsa, Limnococcus, Inacoccus, Cryptococcum) genera (Fig.4). nd: not determined.

	Taxonomic assignment	Strain	Origin	Habitat		Vegetative cell		Reference
					Shape	Sheath	Color	Size min.-max.	
								(mean), µm	
	Pseudo-chroococcus couteii	PMC 885.14	France	Epilithic biofilm	More or less spherical,	Colorless, slightly	Pale green,	14-17.8 (15.6)	This study
					oval, hemispherical after	lamellate	blue-green		
					division		or grey		
	Cyanobacteria sp. YW-2019b	TP201716.1	China	nd	nd	nd	nd	nd	Institute of
		clone 03							Hydrobiology site
		(MN215477.1)							web
	Gleocapsa sp.	PCC 73106	Switzerland	Sphagnum bog	nd	nd	nd	nd	PCC site web
		(AB039000.1)							collection
	Limnococcus limneticus	Svet06	Czech Rep	Fishpond Svet	nd	nd	nd	7-11	Komărkovă et al. 2010
		(GQ375048.1)		plankton					
	Inacoccus carmineus sp. nov.	CCIBt3411	Brazil (Santa	Terrestrial, on	Hemispherical to rounded	Hyaline to intense	Purple brownish	4.7-11.9 (6.7)	Gama et al. 2019
		(MF072347.1)	Virgínia Park)	concrete.		red-colored smooth	to green-		
						or rarely lamellate	brownish		
	Inacoccus carmineus sp. nov.	CCIBt3475	Brazil (Ilha do	Wet Rock	Hemispherical to rounded	Hyaline to intense	Purple brownish	4.7-11.9 (6.7)	Gama et al. 2019
		(MF072349.1)	Cardoso State			red-colored smooth	to green-		
			Park)			or rarely lamellate	brownish		
	Cryptococcum komarkovaum	CCALA 054	Unknown	Aquatic, thermal	Hemispherical to rounded	Hyaline, smooth or	Blue-green to	8.7-13.9	Gama et al. 2019
		(MF072346.1)		spring	solitary or rarely grouped	rarely lamellate	yellowish-green	(10.8)	
					in few-celled colonies				
	Cryptococcum brasiliense	CCIBt3410	Brazil (Ilha do	Terrestrial, on dry	Hemispherical to rounded	Hyaline, smooth or	Green to blue-	8.3-15.5	Gama et al. 2019
		(MF072345.1)	Cardoso State	soil among pebbles	solitary or rarely grouped	rarely lamellate	green		
			Park)		in few-celled colonies				

Table S6 .

 S6 Comparison of the morphological features of the Microcoleus vaginatus PMC 879.14 strain with other Microcoleus species or strains belonging to the same phylogenetical cluster (Fig.9). nd: not determined.

	Taxonomic Taxonomic	Strain Strain	Origin Origin	Habitat Habitat			Trichome Trichome						Vegetative cell Vegetative cell	Reference Reference
	assignment assignment													
					Color Color	Sheath Sheath	Shape Shape	Shape of Shape of		Width min.-Width min.-	Shape Shape	Width min.-Width min.-	Length min.-Length min.-
								terminal cell terminal cell	max. (mean) max. (mean)			max. (mean), max. (mean),	max. (mean), max. (mean),
											µm µm			µm µm	µm µm
	Laspinema sp. Microcoleus	PMC 878.14 PMC 879.14	France France	Benthic on Epilithic biofilm Bright blue Bright	Lacking Thin, firm Straight, Straight, nutated	Obtuse-conical, Elongated, capitate,	3.8 -4.8 4.7 -6.2	Shorter than Shorter than	3.8 -4.8 4.7 -6.2	2.3 -3.3 2.4 -4.8	This study this study
	Laspinema thermale Laspinema lumbricale Laspinema etoshii Phormidium cf. okenii vaginatus Microcoleus autumnalis Microcoleus autumnalis Microcoleus vaginatus Microcoleus vaginatus Microcoleus vaginatus Microcoleus vaginatus	HK S5 clone 2 (MF360989.1) UTCC 476 (AF218375.1) KR2008/49 (KC014068.1) Led-Z (EU196644.1) SAG 35.90 (EF654081.1) Arct-Ph5 (DQ493873.2) CCALA 154 (JN230342.1) JR12 (JN230335.1) JR6 (JN230335.1) A25 (JN230341.1)	Iran, Mahallat Antarctica Namibia Etosha National Park, Okandeka Spring Czech Republ Switzerland, brook in Verzascatal Canada, Ellesmere Island Japan, East Asia Antarctica James Ross Island Antarctica James Ross Island Tennessee, North America	mud freshwater, brackish waters Thermal spring Saline pond on McMurdo Ice Shelf Hyposaline water puddles springs and wet soil a pond, benthos Freshwater Mineral soil Cooling tower Gray-black mats biofilm on rocks Periphyton in wetlands close Lachman Lake Soil F o r P e e r R e v i e w blue-green sheath at the end rounded-conical, without calyptra Blue-green or olive green Thin, inconspicuo us Straight in natural environment forming benthic mats, slightly constricted on cross walls Rounded, conical, shortly bent 3 -4 (5) nd nd nd Rounded, straight nd Pale bright blue-green Hyaline, colorless Solitary, straight or curvy, not or slightly constricted Round, conical; straight or bent without calyptra nd Dark blue-Delicate colourless Gradually narrowed towards Bent, elongated usually rounded nd green cylindrical with rounded or truncated calyptra nd nd nd nd nd nd Few filaments possessed Single filaments or mucilaginous colonies Rounded calyptra 8 -9 nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd	wide Shorter than wide nd Mainly wider than long Slightly shorter than wide nd nd nd nd nd nd	(4.26 ±0.27) 3 -4 (5) 5 -6 (7) 5.5 ±1.5 5.6-6.5 (3.7-7.5 ; 6.1) (5.63 ± 0,36) 5 (2014) nd 3 -4 nd nd nd nd	(2.87 ±0.28) 1 -2,4 2 -4 3.0 ±1.0 nd (3.68 ± 0.52) 2 (2014) nd 2 -4 nd nd nd nd	Heidari et al. 2018 Casamatta et al. 2005 Dadheech et al. 2013 Lokmer 2007 SAG site web collection Elster et al. 1997 Strunecky et al. 2013 Strunecky et al. 2013 Strunecky et al. 2013 Strunecky et al. 2013
	Oscillatoria	SAG 1459-7	Lednice na Germany, Bot.	Freshwater	green nd	nd	end, distinctly nd	nd			nd	wide or	nd	cell nd	nd	SAG site
	amoena	(KM0119962.	Moravě park Gard. Univ.				constricted at					isodiametrical,	length/width	web
		1)	Bonn				cross-walls					sometimes	ratio 0.5-0.8	collection
	Microcoleus		Cosmopolitan Subaerophytic,	Bright blue	Colourless, Trichome long not	Capitate, bluntly			(2,5) 3 -7	longer than Shorter than	2 -5 (6,7)	nd	Komárek &
	vaginatus			on soils, stones,	green or		constricted	rounded, with conical,	(9?)	wide	wide		Anagnostidi
	Phormidium cf.	KR2003/25	Kenya, Hot	Hyposaline dried mud,	nd olive green	nd	Solitary, straight	Rounded obtuse-conical or		nd		Mainly		5.5 ±0.5	3.0 ±1.0	Dadheech s 2005
	terebreformis	(AY575936.1)	spring, Lake	hot springs waterfalls, littoral	to dirty		to undulating	without calyptra hemispherical calyptra		isodiametric		et al. 2013
			Bogoria,	of lakes, rarely	green		Constricted							
				submersed in										
				stagnant and										
				flowing waters										

Table S8 .

 S8 Comparison of the morphological features of the Nostoc sp. PMC 881.14 strain with other Nostoc species belonging to the same phylogenetical cluster (Fig.14). nd: not determined.

	Taxonomic Taxonomic		Strain Strain	Origin	Origin Habitat	Habitat Colony morphology		Trichome Vegetative cell					Akinete	Vegetative cell Heterocyte	Reference Reference
	assignment assignment													
						Color Sheath and shape	Sheath Shape	Shape Width	Length	Shape of Shape Width min.-Width min.-	Length	Shape	Shape	Width min.-Width	Length min.-Length
									min.-max.	terminal cell min.-max.	max. (mean) max. min.-max.	max. (mean), min.-max.	max. (mean), min.-max.
									(mean),	(mean),		µm (mean),	(mean),	µm (mean),	µm (mean),
	Lyngbya		PMC 880.14	France	Epilithic	Pale blue-	Thick,	Cylindrical µm	µm	Widely rounded,	4.8 -6.6 µm	µm	Shorter than	4.8 -6.6 (5.3 µm	1.2 -2.1 µm	This study
	martensiana Nostoc sp. PMC 881.14 Lyngbya martensiana AUS-JR/MT/NT-France 124 Nostoc linckia IAM M-251 Japan Nostoc II Czech muscorum Republic (KX670285.1) Lyngbya martensiana MBDU 518 (KX913923.1) Nostoc V Czech ellipsosporum Republic Nostoc X Czech	Epilithic biofilm India nd Field India Field Field (salty	biofilm nd Rice Field soil nd nd Marine nd Spherical or	green, olive green Blue green nd	colourless nd Colourless, firm, thick nd nd nd nd Barrel	straight, flexuous 2.8 -5.5 2.6 -4.6 hemispherical not without calyptra (4.5) (3.4) observed Entangled and interwoven, long flexible, straight Rounded without calyptra, not capitate nd nd nd nd nd nd nd nd nd nd nd 3 -4.2 nd not	nd 6-10 nd nd nd nd	nd nd nd nd	wide Cells ½ -1/4 +/-sub spherical times long as nd nd broad nd nd Mainly	± 0.47) 2.6 -5,7 (3.4) nd nd nd nd nd	(1.6 ± 0.2) 2.3 -5.1 (3.8) 1.5 -2.5 nd nd nd nd nd	This study Genbank site Thajamambi web et al. 2016 Rajaniemi et al 2005 Rajaniemi et al Genbank site 2005 web Singh et al
	Lyngbya martensiana edaphicum Nostoc III	H3b/7 (JN854142.1) Republic Czech	Guatemala, Lake Atilan soils) Field	Periphytic freshwater oval sometimes Bright blue green irregular colourless or yellowish brown nd	Firm, smooth from outside shaped nd	Cylindrical, straight or slightly bent, coiled, or screw-like coiled nd	Not attenuated observed nd nd	9	nd	nd	nd	(6.2) 7 -7.5 (8.7) intercalary terminal, rarely nd nd	1.4	nd	2020 Komárek et al. 2013 Turicchia et al. 2009 Rajaniemi et al
	calcicola			Republic												2005
	Nostoc sp.	1tu14s8	Finland	Lake	nd		nd	nd		nd	nd		nd	nd	nd	nd	nd	Rajaniemi et al
																2005
	Nostoc sp.	ATCC 53789 Scotland lichen thallus nd		nd	nd		nd	nd		nd	nd	nd	nd	nd	Genbank site
																web
	Nostoc	PCC 73102	Australia Root section,	Dark blue green or	Barrel	2.6 -5.5		nd	Present		nd	nd	Barrel
	punctiforme				Marozamia	blackish spherical	shaped to	(3 -5)							shaped to
					sp. (Humid	sub aerophytic	spherical to								+/-sub
					soil or cycad			ellipsoidal								spherical
					tubercules)										

Table S9 .

 S9 Comparison of the morphological features of the Aliinostoc sp. PMC 882.14 strain with other Aliinostoc and Trichormus species belonging to the same phylogenetical cluster (Fig.14). no: not observed. nd: not determined.

						Filament			Vegetative cell	Akinete	Heterocyte		Reference
	Taxonomic	Strain	Origin	Habitat	Sheath	Shape of	Shape	Width	Length	Shape	Width min.-	Length	Shape	Width	Length	
	assignment					terminal		min.-max.	min.-max.		max.	min.-max.	min.-max.	min.-max.	
						cell		(mean),	(mean),		(mean),	(mean),	(mean),	(mean),	
								µm	µm		µm	µm		µm	µm	
	Aliinostoc sp. PMC	France	Epilithic biofilm nd	Conical	Spherical	3.4 -5.7	2.7 -6.5	oval	4.6 -7.4	4.5 -9.1	Spherical,	4.1 -6.5	4.2 -6.9 (5.4) This study
		882.14					/cylindrical	(4.5)	(4.6)		(5.9)	(7.2)	intercalary	(5.4)		
	Aliinostoc	SA3O	Iran	Paddy field	thin	nd	spherical	3.1 -5.6	2.5 -6.5	no	nd	nd	spherical to	3.0 -6.8	6.5 -8.0	Kabirnataj et al.
	constrictum				hyaline		/						oblong			2020
							cylindrical									
	Aliinostoc soli ZH1(3)	India,	Soil dwelling	thin	Bluish	Barrel	3.2 -3.7	3.6 -4.0	Present	nd	nd	spherical 3.7 -4.9 3.8 -4.3	Saraf et al.
			Pachmarh		hyaline	green	shaped									2018 Kabirnataj
			i			mats with										et al. 2020
						leathery										
						texture										
	Aliinostoc	LI PS	India,	Freshwater	thin	Greenish	Barrel	5.2 -5.6	5.3 -5.6	Present	nd	nd	spherical 3.7 -4.9 3.8 -4.3	Saraf et al.
	tiwarii		Mumbra		hyaline	blue mats	shaped									2018 Kabirnataj
						with soft										et al. 2020
						texture										
	Trichormus	1	nd	nd	nd	Conical	nd	1.6 -3.0		lenticular	1.9 -3.7	3.5 -6.5				Rajaniemi et al
	dolium							(2.3)			(2.7)	(4.6)				2005
	Trichormus	KINDAK	Russia	Soil	nd	Conical	nd	2.1 -9.6	nd	Oval,	5 -7.4	8 -14.8	nd	nd	nd	Rajaniemi et al
	variabilis	2001/4						(6.7)		slightly	(6.9)	(11.3)				2005
										compress						
										ed in the						
										middle						
	Trichormus	Kom-BAI nd	nd	nd	Rounded	nd	1.4 -5.3	nd	oval	7.5 -7.5	12.5 -	nd	nd	nd	Rajaniemi et al
	azollae							(4)			(7.5)	15				2005
												(14.5)				
	Nostoc sp.	PCC	nd	nd	nd	nd	nd	3 -3.5		no	nd	nd	nd	nd	nd	
		7120														
	Anabaena	BO	Canada	nd	nd	Conical	nd	2.3 -5.2	nd	no	nd	nd	nd	nd	nd	Rajaniemi et al
	oscillarioides	HINDAK						(3.8)								2005
		1984/43														
	Minunostoc	CHAB	China	Small seven-	blue green	Cylindrica	nd	2.5 -3.8	nd	no	nd	nd	no	nd	nd	Cai et al. 2019
	cylindricum	5843		hole Scenic	gelatinous	l		(3.2)								
				area												

-6.5 (diameter) Singh et al
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